Pulmonary complications following abdominal surgery are the largest single cause of morbidity and mortality in the post-operative period. This paper discusses the predisposing factors and clinical features, including the changes in ventilatory function tests. Important concepts in post-operative pain management are outlined, with emphasis on extradural analgesia.
rare after non-abdominal and extremity surgery. The problems of pulmonary embolism, bacterial infection and pneumothorax will not be discussed as they are not peculiar to upper abdominal surgery. Acute bronchitis is the most common; reports indicate that it may occur in as many as 80 per cent of all upper abdominal operations. The clinical picture is characterized by pyrexia and purulent sputum and auscultatory signs of rales and rhonchii. There are no distinctive radiological findings. In most cases, spontaneous regression occurs within a few days of onset, when the surgical wound pain is relieved or disappears. The more serious segmental collapse is probably a sequel of acute bronchitis, and occurs in up to 20 per cent of upper abdominal surgery. Associated with pyrexia there is a tachycardia and tachypnoea. The chest X-ray usually shows post-operative changes. Atelectasis can occur post-operatively without radiological evidence and in the absence of clinical findings (Rudnikoff and Headland 1951 , Shibutani et al. 1968 , Spence and Smith 1971 .
After abdominal surgery there are significant falls in lung volumes, the reductions are most marked after upper abdominal surgery (see Table 1 ). Churchill (1927) first demonstrated a fall in the vital capacity after gall bladder surgery. Table 1 summarizes the findings of other workers. There is also a reduction in total lung capacity, respiratory reserve volume and total lung compliance (Anscombe 1957 , Ferris and Pallard 1960 , Simpson et al. 1961 , Okinaka 1965 .
A most important factor causing the postoperative reduction of ventilatory function is the presence of wound pain and the associated spasm of the anterior abdominal muscles (Cleland 1949 , Bromage 1955 , Anscombe 1957 , Simpson et al. 1961 . The ordeal of taking a deep breath may be such that the vital capacity is little more than the resting tidal volume. Diaphragmatic movement is restricted and tidal exchange becomes almost entirely dependent on limited intercostal muscle activity. Other factors responsible for the reduced lung volumes include pneumoperitoneum, abdominal distension and the presence of tight dressings or bandages (Mithoefer 1959, Caro, Butler and Dubois 1960) . Hypoxaemia is invariably associated with the changes in pulmonary function. Post-operative hypoxaemia in the absence of hypoventilation is most marked following upper abdominal surgery (Table 2) , when it may persist for five days (Knudsen 1970 , Spence and Smith 1971 , Alexander et al. 1973 . Patients who develop clinical pulmonary localizing signs show a greater and more prolonged depression of arterial oxygen tension (P a 0 2 ). The mechanism of the hypoxaemia in the absence of hypercarbia is controversial. The most probable causes are either a true shunt where a portion of the cardiac output is not exposed to alveolar gas or a hypoxaemic effect of low ventilation-perfusion ratios producing a shunt like effect. Bendixen et al. (1963) reported that venous admixture, measured as alveolar-arterial oxygen tension difference (A a D0 2 ), increased as tidal volume decreased during anaesthesia. Large tidal volumes and hyperinflations impeded the development of the impaired oxygenation, which persisted into the post-operative period. He proposed that a monotonous ventilatory pattern lacking deep breaths or "sighs" caused progressive micro atelectasis undetectable by physical or radiological examination.
Although other studies (Hamilton 1964, Diamcnt and Palmer 1967 ) confirm Bendixen's theory, more recent observations do not.
Small tidal volumes during anaesthesia may predispose to increased A a D0 2 , but progressive increase may not occur (Nunn, Bergman and Coleman 1965, Panday and Nunn 1968) . The magnitude of the AaD02 does not change with alterations in durations of inspiration, respiratory waveform or mean pressure during the respiratory cycle (Bergman 1967) . Large tidal volumes may reduce the AaD02 but frequently hyperinflations do not (Nunn, Bergman and Coleman 1965, Sykes, Young and Robinson 1965) . Low ventilation-perfusion ratios caused by an imbalance or inappropriate matching of ventilation and perfusion in the lungs may be the cause of the post-operative hypoxaemia (Gordh 1958 , Nunn and Payne 1962 , Conway and Payne 1963 , Georg 1967 . Administration of 40 per cent oxygen for the first 3-4 hours will help restore the P a 0 2 to normal levels, hence supporting the evidence for a ventilatoryperfusion imbalance, at least in the immediate post-operative period. It would seem that until the many variables are eliminated, the subject of pest-operative hypoxaemia will remain disputed (Gold 1970) .
Two other mechanisms for explaining the post-operative AaD02 should be considered. " Knudsen 1970 Alexander et al. 1973 Firstlv, under the influence of anaesthesia and drugs: true anatomical shunts from pulmonary arteries, via bronchial veins, to pulmonary veins may open. This would explain a venous admixture not abolished by hyperinflation (Marshal! et al. 1969) . The other possibility is that of terminal airway closure with consequent trapping of distal alveolar gas Craig 1972, Fairley 1972) . It has been observed (Alexander et al. 1971 ) that while functional residual capacity falls after upper abdominal surgery, the volume at which small airways close is relatively constant; thus the effect of surgery is to worsen the extent of airway closure during tidal breathing. It is conceivable that this concept of airway closure may explain the conflicting views held for the causes of post-operative A a D0 2 . If airways are narrowed or closed in only part of the respiratory cycle, reduction in ventilation-perfusion ratio of affected lung regions will result. Closure of airways throughout all of the respiratory cycle will completely prevent ventilation of the affected alveoli causing a frank shunt. Many patients probably exhibit a spectrum of these changes. The role of pulmonary surfactant in the aetiology of the hypoxaemia is uncertain. Depression of surfactant activity by anaesthesia has been demonstrated in vitro (Woo, Berlin and Hedley-Whyte 1969) but not confirmed in vivo (Greenfield, Ebert and Benson 1964) .
THERAPEUTIC CONSIDERATIONS
Arterial hypoxaemia in the post-operative period is of particular importance because it may delay recovery, exacerbate organ dysfunction and contribute to mortality. Accepting the fact that an increased alveolararterial oxygen difference is a consequence of anaesthesia lasting more than 30 minutes (Marshall and Millar 1965) , especially after upper abdominal surgery, 35-40 per cent oxygen should be administered to restore the P a 0 2 to normal levels (Nunn and Payne 1962) . After four hours, those patients who have not had upper abdominal surgery are usually well oxygenated on breathing room air. Following upper abdominal surgery, the hypoxaemia persists, therefore it is preferable to continue the oxygen therapy for a longer period. Supplementary oxygen should be mandatory, at least in the immediate post-operative period, for those patients recovering from upper abdominal and thoracic surgery, the very young and older age groups, patients with anaemia, pre-operative hypoxaemia, pre-existing cardiac and respiratory disease, conditions where an increased oxygen consumption is expected (shivering, pyrexia, major tissue trauma) or where a reduced cardiac output is present.
Adequate post-operative analgesia is essential to prevent pulmonary complications. Following upper abdominal surgery, pain causes reluctance to cough and breath deeply. Under ventilation and retention of secretions is then inevitable, leading to the development of pulmonary complications. Routine treatment of post-operative pain with narcotics may compound the problem with further respiratory depression (Egbert and Bendixen 1964, Keats and Girgis 1968) . Even in doses which do not grossly depress ventilation, morphine depresses the reflex urge to maintain normal pulmonary mechanics. Although narcotics provide some pain relief, effective ventilation and coughing is restricted because of the discomfort. Increasing the dose to improve the analgesia increases the danger of respiratory depression and other side effects. Furthermore, respiratory functions which are severely limited during pain are not improved to any great extent with narcotics (Bromage 1955 , Anscombe 1957 , Simpson et al. 1961 , Muneyuki et al. 1968 ).
To provide more complete pain relief, regional techniques can be employed. Extradural block of the involved segments relieves somatic pain, abolishes reflex muscle spasm and avoids the disadvantages and drowsiness and respiratory depression seen with narcotics. The patients remain alert, co-operative, have effective ventilation and coughing and are willing to move in bed and ambulate. Because of the concomitant sympathetic block, extradural techniques can be expected to have a beneficial effect on gastrointestinal function, allowing early return of bowel motility, flatus and the ability to tolerate oral fluids. Manv workers have shown tbat extradural analgesia provides a greater restoration of pulmonary function than do narcotics (Bromage 1955 , Simpson et al. 1961 , Muneyuki et al. 1968 ). Furthermore, extradural analgesia results in better oxygenation and decreased AaD02 (Muneyuki et al. 1968 , Spence and Smith 1971 , Hollmen and Saukkonen 1972 .
When performing extradural blocks for upper abdominal analgesia it is preferable to use the thoracic rather than the lumbar approach for a number of reasons. Firstly, the total dose of local anaesthetic required is virtually halved because the needle and catheter can be inserted at the mid-point of the segmental area to be blocked. The duration of analgesia is increased because the solution is not attenuated by the time it reaches the level of the fifth thoracic vertebrae (T5) as it is when the lumbar approach is used. Thirdly, only the desired number of segments are blocked, whereas many segments will be unnecessarily anaesthetized if the lumbar technique is employed. Finally, a catheter can be passed more easily and accurately with the thoracic route.
Many anaesthetists are reluctant to employ thoracic techniques because of the possible neurological complications. However, dural puncture and cord damage is actually more common with lumbar extradurals (Massey, Dawkins and Steel 1971) . Epidural abscess has only been reported once (Saady 1974) . Concern is also expressed about the stability of the circulation when thoracic segments are involved. Provided that patients are normovolaernic and the block do~s not extend above T4 (adequate height fer upper abdcminal surgery) cardiac symphathetics will be intact. Under these circumstances, the mean arterial blood pressure is normal or minimally depressed and the cardiac output is normal or significantly increased (Ward et al. 1965 , Bonica, Berges and lVIorikawa 1970 , Sjogren and Wright 1972 .
Although continuous or intermittent extradural analgesia is difficult to institute as a routine because it is time-consuming and demands special skill, it does offer many advantages over narcotics. It should be used in those at risk or who develop pulmonary complications. With the new longer-acting local anaestheticsbupivacaine and etidocaine-the frequency of re-injection is less than with lignocaine, but nevertheless, these compounds do not give the prolonged analgesia as initially expected (Bromage 1969 , Saady 1974b .
It is important that patients stop smoking for at least three weeks prior to elective surgery, that patients with chronic bronchitis have intensive physiotherapy (and perhaps antibiotics) prior to operation, that fluid overload be carefully avoided and that early ambulation be commenced post-operatively. Despite widely held beliefs, routine intermittent positive pressure breathing when critically studied is not effective in preventing atelectatic pulmonary complications. This probably reflects inadequate supervision (Becker et al. 1960 , Sands et al. 1961 , Baxter and Levine 1969 However, the introduction of a positive end expiratory pressure to the regime might prove valuable.
